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INDIJCTION AND INVESTIGATION OF POLVPLOIDV 
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ABSTRACT - Buds of lAN 717 rubber tree clone were tzeated with a solution of coichicine plus 
dimethyl sulfoxide (DMSO) to induce polyploidy in plants with 2n a 36 cliromosornes. Sprouts 
from tive treated buda showed rnorphological variation and were vegetatively multiplied as clones. 
Mitotic studies of the leaf tip confirmed a high degree of mixoploidy. Morphologically, the polyploid 
clones differed from the control diploid in having shorter height, greater atem diameter, smaller L/B 
ratio of the stomata, larger petiole and larger stomata. Quantitative characters of fite polyploid clones 
Witli respect to cytology, bark characters, foliage characters, stomata parameters and yield by the 
Mendes early test are presented. In addition, a study of the occurrence of correlation between yield 
and various yield determinlng factors of the bark was carried out. More studies on the new polyploid 
clones are recommended. 
Index terms:lfevea spp., cytology, cliromosomes, morphology. 
INDUÇÃO E OBSERVAÇÕES DE POLIPLOIDIA NO CLONE DE SERINGUEIRA lAN 717. 
ESTUDO PRELIMINAR 
RESUMO - Gemas do clone lAN 717 foram tratadas em soluflo de colchicina e Dimetil Sulfoxido 
(DM30) com o objetivo de induzir poliploidia em plantas de 2n a 36 cromossomos. Brotaçêes de cin-
co gemas tratadas apresentaram variaçôes morfológicas e foram multiplicadas assexuadamente como 
novos clones. Estudos mitóticos do ápice foliar confirmaram um alto grau de mixoploidia. Morfologi-
camente, os clones poliplóides diferiram dos clones diplóides-testemunha em menor altura, maior 
diâmetro da haste, menor,relaço do comprimento e largura do estômato, maior pec(olo e maior es-
tômato. Caracteres quantitativos dos clones poliplóides, no que diz respeito à citologia, casca, folha, 
estômato e produç5o pelo teste de Mendes, s5o apresentados no trabalho. Foi verificada a poss(vel 
ocorrência de correlaçøes entre produço e os parêmetros determinantes da produçSo da casca. Re, 
comenda-se fazer estudos adicionais referentes aos novos poliplâides obtidos. 
Termos para indexaç5o:Hevea spp., citologia,cromossomos, morfologia 
INTRODUCTION 
Interest in polyploidy iii planta was first 
stimulated ia 1937 when colchicine, a drug 
extracted from Co! clii cum aututnna!e, ws shown 
to inhibit the forniation of the spindle and delay 
the division of centromeres in plant cela. Since 
then, p!ant breeders have made nunierous attempts 
to breed for new and superior types in crops, using 
this teclinique. They based tlieir programs on the 
fact that polyp!oids are known to have larger 
cells than their diploid counterparts and it 
therefore seemed reasonable to expect that with 
larger ceU and plant size, higher yields could be 
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obtained. With increasing experience, the 
polyploidy teclinique carne to be regarded as a 
tool capable of furnishing raw material for plant 
breeding prograrns. 
The rubber tree (Hevea brasiUensis Mueil. 
Arg.) is a tropical perennial plant of immense 
economic importance ia Brazil and in Far Eastern 
countries. li cvi be propagated through either 
sexual or assexual means for natural rubber 
production. 
The induction of polyploid clones iii rubber 
tree, first reported by Ford in Sri Lanka (Rubber 
Research Board of Cey!on 1942), wasunsuccessful. 
Research on polyploidy in Hevea lias been done by 
Mendes & Mendes et al. (1963) iii Brazil, Shepherd 
(1969) in Malaysia and Markose ( 1975) ia India. 
Their initial resulta created great interest because 
of the increased vigor of resultant plants. 
Subsequent developments of this earlier work 
have not however beca reported. 
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Mondes (1971) and PInheiro et ai. (1980) 
reported an increase in yield iii several tetraploid 
clones iii che ixnrnature stage, utilizing che micro-
tapping tese. Chimeral problema have been 
observed and quality improvement is receiving 
attention to improve the eechnique and reduce 
this problem (Moraes 1982). 
In the presene study, attempts were made to 
induce polyploidy lii Hevea by treating vegetative 
buda with coichicine. Detailed preliminary seudies 
were alio conducted on lhe characteristica utilized 
for polyploidy identification. 
MATERIAL AND METHODS 
Several raineta of LAN 717 dono were selected for 
treatment with colchicine. This clone, a primary hybrid 
clone of a línea bentham lana and llevea brasiliensis 
croas was chosen because of íts high yield and SALB 
tolernce and is wtdely used in rubber plantations in 
northern Brazil. 
The technique for polypioid induction in Hevea 
essentially foliows that of Mendes (1977a), modified 
by Empresa Brasileira de Pesquisa Agropecuárla (1978). 
Maturo budded one-year-old remeta with 2n - 36 chio-
mosomes were stumped at a suitable height in order to 
force the aprouting of dormant buds. Very young aprouta 
(1-2 mm size) were rubbed with a very fino sandaper.in 
order te obtain a more direct contact of coichicine saiu-
tion with the various meristematic ceil layera. Two hours 
after the operation, the fino layer of coagulated latex 
found on the buda was removed. The sprouts were treated 
with a solution of 0.375% colchicine plus 0.125% dime-
thyl sulfoxide, added to the colchicine solutian to induce 
a rapid contact of the colchicine wlth lhe sprout tissue. 
The aqueous solution waa placed in contact with the 
sprout through an apparatus made from a small piece of 
plastic tube fixed te the plant at lhe point of the sprout-
ing bud. Ia order lo prevent leakage of the solution, the 
plastic tube was plugged with beeswax. Five mililiters of 
the solution were poured into the apparatus. Alter twa 
houra the device was removed but lhe wax was leU on 
the treated bud as an indication of treatment. 
For each ramet, young sprouts were used, while one 
bud was Ieft untreated as a check. 
Seven months inter, branches that showed singa of 
ploidy were removed, leaving 15 cm of stump. The new 
shoots were again observed for ploidy characters. The 
brancos that continued to show these characters were 
grafted and raised as five new donos. 
One year Inter, identification of ploidy was made by 
chiomosome count of primordial leal ceDa obtained from 
apical shoota for ramets from each .clone. The Feulgen 
reaction technique, modifled (Rebelo 1981), was 
employed for this study. 
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Yield, leal thickness, weight of leal sainple, stem 
index, petiolar index and faDar index measurements were 
taken as foliows: 
a. yield was estimated by use of lhe eaily test utilized 
ia Brasil (Mendes 1971) for testing young plants; 
b. thickness of maturo leal was based on an average of 
ten leaves per plant and measurements were taken 
with a nilcrometer; 
c. weight of the leal sample was expressed in 
miligrams per square anilimeter; 
d. stem index (1) was expressed by the ratio 
1 - 100 D/L, where D - stem diameter of the 
petiole (measured in the middle of its total length) 
and L - length of the petiole; 
e. foliar index (I r) was expressed by the ratio l f 
100 Dj./Lf, where Df - diameter of the principal 
vem (measured in the middle of its total length) 
and L- length of lhe principal vem. 
Stomata distribution and sire of guard ceDa were 
recorded, utilizing the method foilowed by Balbachet ai. 
(1977). Only maturo leaves collected at 8-9:00 A.M.. 
and examined immediately were utilized in this study. 
Characters of the bark, including thickness, total 
number of latex vessel rings, density of latex vesseis por 
mm2 per ring, and diameter of latex vesseis were 
included. The baxk parameters were measured as follows: 
a. baik thickness was measured in the laboratory 
from samples taken at 25 cm from the ground; 
b. latex vessel numbers were determined by exa-
mining the radial longitudinal sections of the same 
bark samples; 
c. latex vessel diameter was observed iii the transverse 
section of lhe bark samples; 
d. density of latex vesseis per mm 2 was determined 
by the average density bases on ali rings. 
RESULTS AND DISCUSSION 
Five branches from buda treated with colchicine 
solution were found to have a degree of ploidy.The 
mosaic appearance of the leaves was due to the 
presence of both diploid aiid polyploid tissues. 
The polyploid donos differed morphologicafly 
from diploid ones by a darker green leaf calor and 
more compact growth iii lhe juvenile alago. 
Cytology 
Leaf chromosomes from ali ramela from 
different clones, including lhe normal and polyploid 
ones, were counted in order to determine lhe 
degree of ploidy. Leaf ccli metaphase was studied 
one year afeer field transpiane. In ali ramets, 
leaf cem revealed a considerable variation iii 
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chroniosome number (Table 1), with most celis 
having cliromosome counts betwecn 36 and 72. 
Clones PS 1 had many leaf cclii with chromosome 
numbers between 53 and 72, and relatively few 
cclii with 36 chromosomes. This indicated a high 
degrce of ploidy ia cliromosome numbers with 
few diploid number cdli. 
In Table 1 the results indicate an irregularity 
in ccli cliromosome number compared to thc true 
polyploid, an intriguing problem which til 
require further study. 
To confirm this fact, Chen et ai. (1982) oh-
served a considerable variation lii chroniosome 
number at metaphasc of leaf cclii of haploid 
plantlets. A possible explanation is that in 
polyploidy induction in trees, thc meristematic 
tissue of growing buds consists of two scif-
-perpetuating tissues, the outer tunica and thc 
inner corpus, which consist of several dividing 
cclii. According to the authors, it is difficult 
to obtain a concentration which will cause 
imultaneous chromosornc doubling and diffusion 
of coichicine solution to the interior meristematic 
cdi in ali cdlis or both layers-(Wright 1976). Ia 
Hevea, according to Markosc (1975), it is possible 
that thc absorption and diffusion of coichicine 
solution to the inner corpus may not occur and 
only the outer ceiis are affectcd. 
Dark characteri 
Quantitative studies on polyploid clones 
dct.'t.ining bark thickness, total numbcr of lates 
vcsscl rings, diameter of lates vesscls, and density 
of latcx vesscls per 5 mm of ring are given in 
Tablc 2. Except for total nuniber or latex vessel 
rings, ali other charactcrs measured confirm the 
thesis that polyploid materiais are generaily 
superior to diploid materiaIs. The lates vcssels 
in the bark were larger and numerically less 
compared to diploid plants. Similar íindings 
were recorded by Markosc et al. (1977) iii clones 
of polyploids at the Rubber Research Institute of 
India. 
• Average standard deviation and coefficient of 
variation relating to leaf thickness, weight per 
leaf sample, stem petiolar and foilar indexes are 
shown iri Table 3. 
According to Lieras & Medri (1978), the 
epidermal and palisade cells lii the leaves of 
the polyploid plants were larger in size compared 
to thc diploid plants. Thc increase in ccli size 
contributed to the increase in leaf thickness and 
weight per unit arca. Mendes (1977b) reported 
similar findings on clones of polyploids obtained 
from IAM 873 clone, an intraspccific cross of 
Hevea brasiliensis. The nem, petiolar and foliar 
indices in general wcrc high in the polyploid 
clones. Except for thc petiolar index, highcr 
valucs were obtaincd for clone P5 05, with values 
of 11.54, 2.020 and 0.740, rcspectivcly. 
Stomata distributtons 
According to Markosc (1975) and Mendes 
(1977b), the reduced numbcr of stomata per unit 
arca and largcr sizc are characters employed for 
polyploid identification. Thc rcsults are confirmed 
in Table 4 for thc £ivc polyploid cloncs. la othcr 
specics, ir lias been found that polyploid cpidermal 
TABLE 1 • Chromosome counts Itt metaphascs of young Icaf cclii from colchicine trcated bud from five polyploid 
Hevea clones. Manaus, AM, 1982. 
Average height of plant Number of Number Qf Chromosorne counts Clone (m) leaves metaphases 35-54 	 55-72 
1AN717 1 1.20 IS 42 40 	 2 
PSO1 0.81 8 45 6 	 39 
P502 022 10 23 5 	 18 
P503 0.75 12 33 5 	 28 
p504 0.86 6 22 4 	 18 
PSO5 095 2 20 7 	 13 
Diploid control dono. 
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TABLE 2. Number of investigated iamets (ii), mean (i), standard deviation (a) and coefficient of variation (C.V.) o( 
(our bark characters obtained (tom five polyploid clones. Manaus, AM, 1982. 
Bark Total number Diameter Density of latex 
Clone thickness of latex of latex vessel vessels per 5 mm 
(mm) vessel rings 	
. 
m) per ring 
Diploid control dons 
lAN 717 
n IS 15 15 15 
x 1.080 1.000 14.800 63.930 
5 0.173 0.000 1.300 6.130 
C.V. 16.632 0.000 8.770 9.598 
PS 01 
8 8 8 8 
1.237 1.000 16.266 64.536 
0.172 0.000 0202 6.410 
C.V. 13.965 0.000 4.759 9.933 
P502 
10 10 10 10 
1.163 1.000 14.185 62.290 
0.228 0.000 1.670 5.560 
C.V. 19.682 0.000 11.776 10.531 
PSO3 
12 12 12 12 
1.100 1.000 15.628 61.470 
0.152 0.000 1.099 4.100 
C.V. 13.886 0.000 	 - 7.037 6.669 
P304 
6 6 6 6 
1.166 1.000 16.898 69.668 
0.047 0.000 0224 6.259 
C.V. 4.042 0.000 5472 8984 
PS 05 
1 1 1 1 
i 1.60 1.000 14.82 140.000 
tissues invariabiy have fewer stomata and larger 
cells than dipioids (Shepherd 1969). The LI li ratio 
of Iength and breadth ofthe stomata was found to 
be smailer in the polyploids than in the diploid 
contrai (Table 4). Similar results have been 
reported in autotetraploids from the GT 1 rubber 
tree clone (Markose 1975). 
Yield 
The average latex yieid in miligrama per 
Pesq. agropec. bras., Brasilia, 18(7):789-796,jut. 1983.  
tapping per cione in three ear!y testa rounds, 
except for ciones P5 05, was signiflcantiy higher 
for the four clones (Tabie 5) than for the dipioid 
control clone lAN 717. Other studies carried 
out by Pinheiro et aL (1980) and Mendes (1971) 
showed that for one year, lAN polyploid clones 
produced high yields when compared with the 
diploid contrai cione lAN 873. 
The high coefficient of variation may be 
attributabie to the interaction of the diploid 
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TABLE 3. Number of investigated ramets (n), mean (i), staitdard deviation (s) and coefficient o! variation (C.V.) of 
five foliage characters obtained (mui fii'e polyploids clones. Manaus, AM, 1982. 
Clone 
Thickness of leaf 
biade 
(mm) 
Weight ef leaf 
sample 
(mg) 
Stem 
index 
Petiolar 
index 
Foliar 
index 
Diploid coritrol clone 
lAN 711 
n 10 10 10 10 10 
0.198 16.130 6.130 1383 0.570 
0.012 0235 0.120 0.120 0.040 
C.V. 6.060 1.456 1.957 8.676 7.010 
P301 
n 8 8 8 8 8 
0246 22.053 9.405 1.890 0.712 
$ 0.019 2281 1.794 0.242 0.074 
C.V. 7.723 10243 19.083 12.804 10.504 
P302 
n 10 10 10 10 10 
0.237 22.484 7.275 1.851 0.650 
0.009 2.583 1.802 0.085 0.032 
C.V. 3.791 11.489 24.777 4357 4.961 
PSO3 - 
n 17 17 17 11 17 
0262 21.007 8.811 1.892 0.719 
0.051 2.564 3.014 0.215 0.061 
C.V. 19.465 12208 34210 11409 9450 
P304 
n 6 6 6 6 6 
k 0263 21278 6.445 2.053 0.730 
0.008 2333 0369 0.039 0.062 
C.V. 3.041 10267 5.736 1.941 8.627 
P505 
n 1 1 1 1 1 
k 2.910 23.300 11.540 2.020 0.740 
5 . 
C.V. . 
rootstock on which the polyploid material was need for propagation of polyploid clones by root 
grafted, contributing to the different leaf flusli 	 cuttings. The importance of this approach is that 
stages during the time that the early test was 	 it could avoid the possibte adverse interaction 
done in the clone ramets. Similar values were between the polyploid scion and the diploid 
obtained by Gonçalves et al. (1982). According rootstock. 
to Paranjothy (1980), '0W yields are most 	 . Víeld.bark characteristici relationship 
accentuated during new foliage production, 
' 	 Using the bark characters of the polyploid undoubtedly caused by demand for mineral  
nutrients and carbon by the developing leaves. 
	
clone ramets as defined, coefficients of correlation 
However, this higli variation would suggest the were determined (Table 5). The study was carried 
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TABLE 4. Number of investigated ramets (n), mean (x) standard deviation (s) and coefficient o? variation (C.V.) of 
four stomata parameters obtained from five potyploid clones. Manaus, AM, 1982. 	 - 
Clone 
Density of 
stomata per Breadth 
mm2  
Length Length/Broadth 
 ratío 
Dipioid contrai dono 
lAN 717 
n 10 10 10 10 
x 329.156 21223 34.983 1.643 
10.163 2325 2.233 0.053 
C.V. 3.087 10203 6283 3225 
PS 01 
n 8 8 8 8 
i 232250 25.632 40.208 1.588 
31.530 4.165 2.850 0.134 
C.V. 13.570 16.250 7.089 8.439 
P302 
n 10 lO 10 10 
i 240.000 24.526 38.226 1.561 
8.763 1.467 1.077 0.080 
C.V. 3.651 5981 2.817 5.184 
PS 03 
n 17 17 17 17 
215.352 29.103 43.146 1.494 
34.850 2.491 3.782 0.170 
C.V. 16.183 8.560 8.766 11.417 
PS 04 
n 6 6 6 6 
271.666 26.738 39.243 1.473 
1 
31.008 1.113 2333 0.135 
C.V. 11.414 5.652 5.947 9214 
P305 
n 1 1 1 1 
237.000 24.400 48.770 1.920 
C.V.  
out to examine the existence of correlation 
between yieid and various yield determining 
factors of the bark. Significant results were not 
found for the correlation of yield with bark 
thickness (r - 0.2214), diameter of latex vessels 
(r = 0.1389) and density of latex vessels per 
5 mm (r 0Á192), aithough severa! investigators 
(Wycherley 1969, Narayanan et al. 1973, Ashplant 
1928, and Gonçalves et ai. 1980) have s'hown 
Pesq. agropec. bras., Brasília, 1 8(7):789-796,jul. 1983. 
that there is a positive correlation between yield 
and bark characters in diploid materiais. As 
pointed out, this is not evident for the poiyploids 
in the present study, which may be due to the 
levei of mixoploidy obtained. More iengthy 
studies should therefore be made on ramets. 
The mixopioidy might be reduced gradually 
and totaily disappear as a branch or a tree becomes 
whoily polypioid or dipioid (Wright 1976). 
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TABLE S. Number ot investigated ramets (n), mean (i) standard deviation (s) and coefticlent of variation (C.V.) of 
tinta MTP' rounds test on polyploid clones. Manaus, AI.!, 1982. 
Clone 	 1StMTp 	 2ndMTp 	 3thMTp 	 Mean (mg) 
Dipioid control clone 
lAN 717 
n 15 15 15 15 
10.044 17.903 23.197 17.048 
8.053 8.852 7.884 7.169 
C.V. 80.177 49.444 33.987 42.071 
PS 01 
n 9 9 9 9 
j 10.976 20.50 23.830 18.430 
5.120 6.36 6.123 4.621 
CV. 46.647 31.02 25.690 25.663 
PS 02 
n 10 10 10 10 
24.501 23.122 38.652 26.244 
4.958 7.521 19.445 7313 
C.V. 20.204 33.997 50.307 27.865 
PS 03 
n 18 18 18 18 
i 17.180 18.825 22220 19.305 
1 
1.519 2.892 2.250 2.313 
CV. 8.841 15360 9216 11.981 
PSO4 
n 8 8 8 8 
i 14.985 23.407 37258 24.640 
3.900 11.256 37283 16.780 
C.V. 26.026 48.088 50.089 6.810 
Ps05 
n 1 1 1 1 
i 4.260 9.940 12.060 8.753 
1 . - 
C.V.  
MTP . Microtapping. 
TABLE 6. Linear correlation coefflcients among varlous yielding determining factors of the bark. Manaus, AM, 1982 
Parameters 	 Symboi 	 V 	 B 	 DVL 	 DVR 
Yield/t/t 	 V 	 1 	 0,2214 lEs. 	 0.1389 n.s. 	 0.1192 n.s. 
Bark tickness 	 B 	 1 	 0.5712 • 
	 0.6731 " 
Diameter ai latex vesseis 	 D.V.L. 	 1 	 0.77066 " 
Density of latex vesseis par 5 mm 
	 D.V.R. 	 1 
• 	 PC 0.05 - significant at 5% levei of probability. 
" P <0.005. significant at 0.5% levei af probability 
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CONCLUSIONS 
1. The principal observations made on the 
polyploid clones were: reduction in initial growth, 
mosaic lealiet thickness and dark green leaves. 
2. Morphological characteristics of bark, leaf 
stomata and cytology revealed a high level of ploidy 
ia the induced material. 
3. Anatomical investigation of the clones 
revealed that most of the colchicine treated ramets 
have thick bark, larger stomatal size and fewer 
number of stomata in a unit arca. 
4. Cytological investigations revealed a high 
incidence of mixoploidy ia the leaf tissue of the 
induced clones. 
S. Yield by macro-tapping showed that the 
polyploid clones had superior yield in comparison 
with the check clone lAN 717. 
6. No significant results were found for 
correlation af yield with various yield determining 
factors of the bark. 
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